'In this paper, a discrete method for analyzing the problem of elasto-plastic bending of a rectangular plate is proposed. The solutions for partial differential equation of rectangular plate are obtained in discrete forms by applying numerical integnltion.
INTRODUCTION
The elasto-plastic bending problems of the rectangular plates have been analyzed by many researchers, The upper-and lower-hounds ultimate capacities of the plate structures of perfectly plastic material can be determined with the theorems of limit analysis 1 l.2l,
The elasto-plastic behavior beyond the first yielding of the rectangular plate is analyzed by the direct numerical methods such as the finite difference methods 3J -5l , the discrete element methods Gl , the finite element methods 7l -9J , etc. 10) . III • In this paper, a discrete method for analyzing the elasto-plastic bending problems of the rectangular plate is proposed. The discrete solutions of partial differential equations governing the elasto-plastic bending behavior of the rectangular plate are obtained in discr~te forms, by transforming the differential equations into integral equations and applying numerical integrations, and they give the transverse shear forces, twisting moments, bending moments, rotations and deflections at all discrete points which are intersection of the vertical and horizontal equally dividing lines on the plate:
For the elasto-plastic analysis of the rectangular plate, an incremental variable elasticity procedure has been used. It is assumed that the Prandtl-Reuss' law, and the von Mises yield criterion are valid in this paper. In order to consider the extent of the yielded portions in the directions of the cross sections, the cross section of the plate is divided into many layers. As the application of the proposed method, numerical solutions for square plates with foul' types of boundary conditions: four simply supported edges, four clamped edges, two opposite edges simply supported and the other two edges clamped, and two opposite edges simply supported and the other two edges free, are presented. All four problems involve square x~a Rectangular Plate and Coordinate System. Fig. 1 We consider a rectangular plate which is l'eferred to as an x-y-Z system of rectangular coordinates, and determine the position of the origin 0 of the x~y-z system at the corner of the middle plane of the plate as shown in Fig.1 . The surface of the plate are at z= ± h/Z, where h is the thickness of the plate. The transverse deflection and the rotations of the middle plane are denoted by wand B x , By. If D is the flexural rigidity of the plate and E the modulus of elasticity, G the shear modulus of elasticity, v the Poisson's l"atio, x the shear coefficient, Qyand Qx the transverse shear forces, Mxy the twisting moment, My and M x the bending moments, then the fundamental differential equations governing the elasto-plastic bending of the rectangular plates which are subjected to the distributed lateral load q(x, y) as shown in Fig. 1 are given as Eqs. (1. a) -(1. h). Since an incremental procedure is used, the fundamental differential equations are presented in incremental forms,
FUNDAMENTAL DIFFERENTIAL EQUATIONS
plates subjected to lateral loads that are uniformly distributed throughout the plate,
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aLlMx aLlMxy aLlB", aLlOy 1 By using the following non-dimensional expressions, 
DISCRETE SOLUTIONS OF DIFFERENTIAL EQUATIONS
We divide a rectangular plate vertically into m equal-length parts and horizontally into n equal-length parts as shown in Fig.2 , and consider the plate as a group of discI'ete points which are the intersections of the vertical and horizontal dividing line.
The rectangular area, O~rJ~rJt and o~t;;;;;l;Jo corresponding to an arbitrary intersection (i, j) shown in Fig. 2 , is expressed as the al'ea [i, j] 
where 7jkl is the value of function 7j ('fl, t) at point (k, l). The solution X PI } to the simultaneous Eq. (4) is expressed as follows;
APPENDIX III. order, one can eliminate the quantities X1ki> XIII and X llit at the inner dependent points of the following larger' areas by substituting the obtained results into the corresponding terms of the right hand side of Eq. ( 5 ). By repeating this process, the quantity Xp1j at the main point is related to only the quantities X/!<o and X tol at the boundary dependent points. The results are as follows: Eq. (6) can be recognized as the discrete solutions of the fundamental partial differential Eq. (2).
INTEGRAL CONSTANTS AND BOUNDARY CONDITIONS
The integral constants mean the quantities at the discrete points along the edges y=O (t=O) and x=O are self-evident accot'ding to the boundary conditions along the edges y=O and x=O. The remaining three integral constants ciln be determined by the boundary conditions along the edges y= band x= a.
The integral constants and the boundary conditions of rectangular plate with four simply supported edges (SSSS), four clamped edges (CCCC) , two opposite edges simply suppot'ted and the other two edges clamped (SCSC) , and two opposite edges simply supported and the other two edges free (SFSF) are shown in Fig. 3 ( 1 ) - ( 4 ) In this paper, the main assumptions are that: (a) displacement is small compared with the plate thickness; (b) the stress normal to the midsurface of the plate is negligible; (c) normals to the midsurface before deformation remain straight but not necessarily normal to the midsurface aftet' deformation; (d) PI'andtl-Reuss's law obeying the von Mises yield o'iterion is assumed; (e) the plate is made of nonhardening elasto-plastic material.
For the elasto~plastic analysis by the discrete method, an incremental val'iable elasticity pl'ocedure has been used. This procedure has many advantages in rapidity of convergence when materials with very flat stress-stl'ain diagrams are used. Generally, it suffices to take the elasto-plastic stress-strain relations corresponding to the initial stress levels at the start of an increment (Ref. 13». In order to consider the extension of the yielded portions in the directions of thickness of the element, it is divided into many layers (Fig, 4) .
In the previous increment; [n-lJ-st load incremental step If in the previous increment the plastic range in the section has been created, an elasto-plastic stress-strain relation has to be used (loading), and if in the previous increment a decrease of strain occurred, then an elastic stress-strain relation is insel'ted for the present increment (unloading). The load is considered to be applied in incrementally, but the total strain occurring during the increment is treated, by the use of a suitably modified modulus, as if the material wa; elastic.
In the present increment; 
(2 )
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The incremental moments dM"" dMy, dM",y are calculated by the discrete solutions.
: 
NUMERICAL RESULTS
Numerical solutions for four specific problems are presented, All four problems involve square plates subjected to lateral loads that are uniformly distributed throughout the plate. From the results of the elastic bending analysis of variable thickness plates (Ref. 14)) and the elasto-plastic analysis of the four edges simply supported plates which is divided into m=n=4, 6, 8, 10 , the elasto-plastic numerical solutions converged with the divisional meshes m = n=8. And the number of layers in the direction of the cross section was nz=20, h'om the results of the elasto-plastic analysis of the plate which is divided into nz=lO, 20, 30, 40 (Ref. 14) ). Moreover, the numbel' of layers is hardly affected by computer storage and time.
( 1) Simply supported plate (SSSS) First, in order to confirm the convergency and accuracy of the numerical solutions obtained by the discrete method, let it be applied to the elasto-plastic analysis of the square plate with four simple supported edges under uniform load, The results are summarized in Figs. 5 through 7, Fig.5 shows the load-deflection curves with respect to the maximum deflection when non dimensional incremental load intensity is dqa In Figs. 8 through 10 are presented the corresponding results for a square plate with all edges clamped. Fig. 8 shows the load-deflection curve with respect to maximum deflection. In Fig. 8 , the numerical solutions obtained from the discrete method are compared with those of the finite difference method 3 ), a good agreement exists between these sets of results, Fig, 9 illustrates the redistribution of moments and deflection for three levels of loading. The progressions of the yield regions at different levels of loading is summarized in Fig, 10 , In this case, the first yielding of the plate occurs at the middle of the four edges, and-the plastic regions extend along these edges until the center of the plate yields.
(3) Plate with two edges clamped (SCSC) Results similar to those described above for a square plate with two opposite edges simply supported and the other' two edges clamped are described in Figs. 11 through 13, Fig. 11 shows the load-deflection curve with respect to maximum deflection. The redistribution of moments and deflection are illustrated in Fig. 12 , and the progr'ession of the yield regions is summarized in Fig, 13 . maximum deflection. The redistribution of moments and deflection are illustrated In Fig. 15 , and the progression of the yield regions is summarized in Fig. 16 .
CONCLUSIONS
The main conclusions of the work described in this paper are slunmal'ized as follows.
( 1) A general numerical method for the elasto-plastic bending of rectangular plate has been proposed, and the proposed method has been applied to the square plates with four types of boundary conditions, ( 2) The discl'ete solutions are obtained by transforming the differential equations into integral equations and applying numerical integrations, and they give the transverse shear forces, twisting moments, bending moments, rotations and deflections at all the discrete points which are the intersection of the vertical and horizontal equally dividing lines on the plate. Thus, the proposed method does not require prior assumption of the shape of the deflection of the plate, ( 3 ) By utilizing the present method, the elasto-plastic problems for the rectangular plates having various boundary conditions can be treated with acceptable accuracy. 
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